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Abstract
Firm integrative capability (FIC) is becoming critical for firms facing and winning fierce competition. On the basis of the 
definition of integration, the paper analyzes the process of firm integration from the perspective of systems engineering, 
examines the different types of integrations, and then discusses compositions of integrative capabilities. FIC is a systematic 
capability that integrates resources. Within a firm as a kind of engineering system, the relationship among resources integrations 
and dimensions of the integrative capabilities are explained. In the end, the paper also discusses relations of the capabilities that 
integrate different resources, elaborates the process that FIC forms the firm’s competence, and the author holds that the FIC is the 
origin of firm competitive advantage. Future quantitative research also needs turn to systems engineering to analyze a firm as 
integrated system.
© 2011 Published by Elsevier Ltd. Selection and peer-review under responsibility of Desheng Dash Wu.
Copyright transferred and reserved with Risk Forum organized by Risklab
Keywords: Resources Integration; Firm Integrative Capability (FIC); Engineering system
1. Introduction and Background
Integration can be trace back to the military and cold war origins in the US (Sapolsky, 2003), early breakthroughs 
in engineering systems integration practices transferred the military to related civilian sectors such as aerospace 
engineering(Hobday et al., 2005). In the study of Hobday et al. (2005), they analyzed integration from the 
perspective systems engineering-integration. From the perspective of a strategic business activity, integration is 
more and more popular because the environments inside and outside the firms have changed a lot and are different 
from the past.
Flexibility. In this new agenda, the engineering environments are more dynamic and uncertain, so “any given 
national market is now affected by a much wider range of disturbances than ever before” (Buckley and Casson, 
1998). Thanks to jet travel, television broadcasting and other technological developments, information can be 
transferred and copied easier and an increasing number of goods and services can be exported more quickly which 
can meet with the requirement of flexibility. Flexibility is the ability to reallocate resources quickly and smoothly in 
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response to change (Buckley and Casson, 1998). Then the question that is how to get the flexibility will come. 
The Pace of Technological Updating. Now, the pace of engineering technological innovation is more and more 
quick, which means that whoever masters the more new technologies or products will have more possibility of 
winning in the market in which firms face fierce competition. But it is more and more difficult to do original 
innovation, so integrated innovation is the better choice of more and more firms which means that more and more 
firms take steps to integrate the right (not always the most advanced) technologies, standing on the shoulders of 
other giants. 
New Forms of Organization. The development of engineering information technologies has given birth to many 
new forms of business organizations, such as virtual enterprises, supply chain, outsource of many services. All these 
new forms of business organizations need to integrate all kinds of resources including information, human 
resources, and even organizations. While how to integrate these resources will decide the efficiency of these new 
forms of business organizations, Chandler (1962) stated that structure follows strategies, particularly in periods of 
rapid expansion. So it is necessary to make sense the process of integrating these resources.
Globalization. As engineering firms engage in strategic alliances, or mergers and acquisitions, or expand into 
international markets, they increasingly confront the need to integrate new technologies, knowledge, people, 
organization, cultures etc. Success in mergers and acquisitions depends upon integrating the target firms with the 
parent. Effectiveness at alliances involves integrating the partners’ resources (capabilities) organizations and even 
corporate culture. Entry into foreign markets involves integrating the firm with host country’s regulations and 
cultures; thereby overcoming the liability of foreignness while taking full use of the assets of foreignness (Sethi & 
Judge, 2007). Thus, firms need integrative capabilities to organize their resources to support their strategies. 
The purpose of this paper is to explore the process of resources (capabilities) integration and to examine the 
dimensions of integrative capabilities of the engineering firm. It is organized as follows: First, we review the 
literature on integrative capabilities. Then we argue that integrative capability is a multidimensional construct.  Then 
we identify the dimensions of integrative capability.  Finally, we argue how integrative capability is formed within 
an institutional context.
2. Literature Review
Integration should be based on something that can be integrated and that are tangible or intangible resources. The 
resource based view of the firm can be traced back to the book, the Theory of the Growth of the Firm, fist proposed 
by Penrose in 1959; in this book, Penrose looked at the firm as a bundle of resources and thought that resources 
consist of internal and external resources. These resources consists physical resources that include plant, equipment, 
land, raw materials, semi finished goods, etc. and human resources that are labor, administrative, financial, legal, 
technical resources (p:24). There are three explanations that limit the growth of firms: managerial ability, product or 
factor markets and uncertainty and risk. The last two explanations are generally constant and cannot be controlled by 
the firm and what a firm only has and control is the (managerial) ability. 
In his famous paper, A Resource-based View of the Firm, Wernerfelt (1984) stated that internal resources of a 
firm are very significant to acquire and maintain competitive advantage and are decisive in creating an advantage in 
the market. These resources are: brand names, in-house knowledge of technology, employment of skilled personnel, 
trade contacts, machinery, efficient procedure, capital, etc. Barney (1991) conceives the firm as composed of 
tangible and intangible resources. 
Firms combine these resources to develop capabilities. On the basis of these classical literatures, Teece et al. 
(1997) advanced dynamic capability, and claimed that the dimension of firm-specific capabilities can be sources of 
advantage. Hobday et al. (2005) stated that systems integration is the technological capability which underpins new 
product development and introduction and the capability by which a firm decided where and how to situate itself, 
influencing how a firm competes, who it collaborates with, and who it competes with. These capabilities then 
become the basis for supporting strategies.  After Barney’s (1986, 1991) research several studies have identified 
firm capabilities and their links to success.  For example, Walton & Huey (1992) discussed the logistics capability of 
Walmart. Similarly, CISCO’s success in growth through acquisitions has been attributed to its integrative capability. 
Recently, integrative capability has drawn increasing attention because of its potential to influence firm strategies 
in many different contexts.  As we noted in the beginning of the paper firm strategies as varied as mergers, alliances 
and international entry would all require different types of integrative capabilities. 
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Integrative capability is of importance to innovation. When they studied in the modes of organizing biomedical 
innovation in the UK and US, Swan et al. (2007) stated that the ability to combine and integrate knowledge 
(scientific, technological, commercial, and regulatory) across a distributed array of professional groups would be 
central to (biomedical) innovation.
3. Dimensions of Firm Integrative Capabilities
Compared with Penrose’ (1959) firm being a bundle of resources, integrative capability is a bundle of 
capabilities. Of all capabilities in the firm, the most important is the integrative capability because it is the 
integrative capability that changes the resources into other capabilities, such as logistics capability by integrating 
information about demand of product, and material supply, information technology, and personnel of logistics.
Before we define integrative capability, we should get to know what integration is.
3.1. The Definition and Process of Integration
As a term, integration was earlier termed and used in the computer field. In 1973, Dr. Joseph Harrington firstly 
put forward the concept of Computer Integrated Manufacturing (CIM) whose core lies in integration, that is, a firm 
is a system and all functional areas and business processes in a firm should be integrated into an organic whole from 
the functions and information, and make the firm respond quickly to changes in the market in order to achieve the 
overall efficiency optimization of the firm. 
From the perspective of industrial relationship and spatial relationship, integration includes vertical integration, 
horizontal integration, and cross integration. In accordance with integration level and the external relations of the 
integrating firm, vertical integration is generally showed by general business ties, long-term supply relationship, 
supply chain, strategic alliance. While horizontal integration is represented by industry association, the joint 
working (mainly R & D), mergers and acquisitions. Cross integration is generally combined with the above 
integration and is significantly related to diversification.
According to the types of resources, integration can be divided into: Technology (physical) Integration (technical 
innovation), information integration, and human resource integration, organizational integration.
According to the functions of systems in the firm, integration can be divided into logistics integration, 
information system integration, financial system integration, integration of human resource management. 
From the perspective of the style of organizing integration, integration can be divided into unit integration, 
process integration, systems integration and network integration. 
So from the perspective of resources and from the longitudinal view, (resources) integration capabilities includes 
technical integration capabilities, information integration capabilities, the ability to integrate human resources, 
organizational integration capabilities, logistics integration capabilities. From the horizontal view, resources 
integration capabilities include searching capabilities, combination and optimization capacity, and integration 
innovation capacity. 
Integration is a process, not an aim and should be centered on the aim. The aim could be to improve the function 
of sub-system or to construct a new (integrated) system (Yu & Li, 2007). So generally the first step of integration is 
to set a goal that matches the strategy of the firm. Then according to the goal, we search for relative integration 
elements, but this process of searching is rather complicated, and it needs to collect all possible information about 
integration elements that could be integrated and then to do trial-and-error and get the framework of integration. The 
details are shown in Figure 1. Goals of integration should be first established and correspondingly divided. 
Framework of integration is identified, and searching integration elements is implemented. That is an interactive 
process, in which framework and elements of integration can change and have a mutual influence. It is similar to the 
interactive process between “comparison and screening of integration elements” and “innovation of elements of 
integration”. On this basis, after integrating these elements, testing the integrated system, optimizing sections of the 
integrated body, checking and evaluating the impact of its implementation, we can use and maintain this integrated 
system, which is a practical and maintenance phase. The whole process has been used in the integration of Railway 
Passenger-dedicated Line in China. What’s more, integration has been implemented in logistics.
From the abovementioned process of integration, from the perspective of the growth of the firm, there are three 
stages in the growth that are searching (scanning) for resources, combining (organizing) resources and innovating 
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resources.
Figure 1: Process of Integration
3.2. The Definition and Dimension of Firm Integrative Capability
According to the above-mentioned analysis, integrative capability is a bundle of capabilities and can be defined 
as the capability to gather, allocate and reallocate all resources that could be used to integrate a new system. The 
whole process of integration is complicated. And in different stage, the integrative capability is reflected as a 
different type.
3.2.1 From the Perspective of Integration Process and the Growth of the Firm
In the process of growth, the firm needs distinctive competence. There are different measuring methods in 
measuring the growth of the firm, some of which are based on scale, some based on capability.
Penrose (1959) analyzed the growth of the firm from the perspective of resources. Helfat & Peteraf (2003) 
believed that the growth of a firm experiences the founding stage, the development stage and the maturity stage, 
meets with a crossroad and then the road of the development branches into one of at least six additional stages of the 
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capability lifecycle: Retirement (death), retrenchment, renewal, replication, redeployment, and recombination (six 
Rs). These six stages may follow one another in a variety of possible patterns over time. Some of these branching 
stages also may take place simultaneously. Importantly, in each branch of the capability lifecycle, historical 
antecedents in the form of capability evolution prior to branching influence the subsequent evolution of the 
capability.
Table 1: Dimensions of FIC and Focuses in Different Stages of Growth
Stages
Integration capabilities
the founding stage the development stage the maturity stage
Lifecycle branches 
with six Rs
Searching (scanning) capability √ √ √ √
Gathering capability √ √ √
Combination (organization) capability √ √
Innovation capability √
Table 1 reflects that in different stage of growth, the firm needs the corresponding capability to support its 
development. In the founding stage, generally, the firm is small, it is new and the most important is searching for 
some resources and these resources include the customers (market opportunities), and the social ties. These 
resources are the foundation of the firm and are the determinants of whether the firm should be founded. Many 
branches of multinational firms (MNFs) in emerging countries are of this kind.
In present world, communication is almost costless between any two points of the globe; information, once 
received, is digested and interpreted at little or no cost. Ignorance or uncertainty is no longer a function of distance; 
markets, wherever located, have an equal opportunity to stimulate the firm to innovation and production; factory 
sites, wherever located, have an equal chance to be weighed for their costs and risks. Without searching (scanning) 
capability, the firm will die because it cannot find the market opportunities, advantage resources such as excellent 
personnel and advanced technologies. Once the innovation was developed, the global scanner would be in a position 
to serve any market in which it was aware that demand existed; and would be in a position to serve any market in 
which it was aware in other markets. The global scanner would be in an advantageous position as compared with 
those firms without such a searching (scanning) capability (Vernon, 1976）. The product cycle hypothesis would 
play only a very little role.
In the development stage, the firm expands, the scale is bigger and the capability should also be increased and 
improved. Fast pace of development (expansion) always leads to bigger or smaller gaps of resources needed to 
succeed. These gaps may prevent or slow the development process, especially market entry (Helfat & Lieberman, 
2002). A firm may be able to fill the gaps quickly through not only internal growth but also external routines, for 
example, acquisitions, spin-offs and joint ventures to obtain organizational knowledge (Kogut, 1988). These modes 
can supply critical resources or buffer against detrimental routines. In a study of seven firms in the computing and 
communications industry, Puranam (2000) found that established firms acquired entrepreneurial firms in order to 
gain access to their streams of innovative activity. So gathering the resources required is very important, but the 
process is very complicated that includes the identification, choice and gaining of the resources. 
In the maturity stage, the firm will be in a relatively stable stage and in this stage the firm will be in a turning 
point—the firm is moving toward decline until death or revitalizing and moving into the new development path, so 
this stage is of decisive significance. At this stage, the scale of the firm is relatively stable. In the process of rapid 
development in last stage, the business and the scale expansion often make the rate of increase in scale expansion 
faster than the corresponding rate of increase in the ability. While at this stage the firm is located in a stable, even 
stalemate, situation, and if the firm seeks new development it is for the firm in great need of upgrading the relevant 
capacity —mainly its ability to organize and combine the resources. What is organized and combined is the 
organization system. 
In the following stage, the firm will be in the crossroad and at the point of decision. If the firm have not built a 
strong integrative capability quickly that the rivals, the firm will began to go down and then could be merged, 
acquired or go to death and disappear from the market.
Based on the four capabilities that are parts of FIC, a function can be listed that demonstrates the process and the 
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focus that the firm develops and jump from a small scale to a large scale, from inferior capability to superior
capability, as the following shows:
FICt=atS+(at+at-1)G+(at+at-1+at-2)C+ (at+at-1+at-2+at-3)I
In this function, ai≥0, i=t, t-1, t-2, t-3 (t≥1, represents different stage). When i≤0, ai will be very small and 
could be ignored while Σai means the coefficient is bigger and more important when a firm develops into a higher 
stage, which reflects that it is important for a firm to jump into a new stage but not easy to have or cultivate superior
capability such as innovation capability. What is more, the coefficient of I (Innovation capability) is bigger, total of 
coefficient of S (Searching (scanning) capability), G (Gathering capability) and C (Combination (organization) 
capability),  than that of C, likewise, coefficient of C bigger than that of G, and coefficient of G bigger than that of 
S,  so in different stage t, FIC will focus on different capability. Meantime, it implies that a superior capability
generally needs much accumulation——knowledge, skills and resources will be accumulated in the previous stage
will help the firm jump into the later stage. Therefore, it is very important for a firm to focus on the corresponding 
capability in different stage, as the following figure 2 shows.
Figure 2: Focuses of FIC in Different Stages of the Growth of the Firm 
From figure 2, we can conclude that the firm will not succeed if its FIC could not be improved and without the 
corresponding capablity built and solidified, it is incredible for  the firm to compete with others and win.
3.2.2 From the Perspective of Integrated Resources
From the perspective of resources (Penrose, 1959; Wernerfelt, 1984; Barney, 1991), the resources that a firm can 
use can be categorized as four groups: human resources, physic resources, information resources, information 
technologies and organizations (institutions), as Table 2 shows.
Table 2: Typology of Resources Integration
Integration 
capabilities
development
founding
maturity
Lifecycle branches
A new cycle
Stages
Searching
capability
Gathering
capability
Combination 
capability
Innovation 
capability
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Type Description
Integration of Human Resources e.g., skilled team with different background personnel, team of quality improvement in Japanese firms.
Integration of Physical Resources e.g., the birth of ipod
Integration of Information 
Resources
e.g., collect more resources from more channels to improve the speed, quality and efficiency of decision-
making; how to deal with the feedbacks from customers and delivery them
Integration of Information 
Technologies
e.g., integration of information by adopting new ERP systems with accounting system to increase 
information sharing and improve the speed of information processing
Integration of Institution
e.g., merger of two firms; entry into foreign markets; export of technology to foreign subsidiaries;
overcoming liability of foreignness (Mezias,2002)
Resources integrations are to integrate these resources to realize the designed goals. Physic resources is easiest to 
be imitated; information resources are the most useful to make decision, but it needs to have the aid of information 
technologies that include software and information-collecting methods; but all these resources have to depend on 
human resources that use, analyze, combine and recombine them and then become useful and valuable resources. 
Chandler (1962) stated that structure follows strategy and the personnel who control the resources are key in the 
course of the development of the firm. While how to incentive human resources to do their best to create more value 
is the problem that should be solved based on institution including culture and some structure of organizations. 
Organization is a kind of institution; institutions of a firm have an important impact on its development. These 
institutions include management concepts, management models, management methods and tools, and enterprise 
culture. And these institutions are the devices that transform resources into capabilities.
The whole process and relationship are revealed in the following Figure 3. So the whole process is that of 
comprehensive integrations that base on organization. There is a great gap between resources and capability, 
resources is not capability and resources should be transformed into capability through combination and 
organization. Any tangible resources themselves cannot become sustainable capability and the source of sustainable 
capability is from institution (culture) and entrepreneurialism that are rare and valuable, but cannot be easily 
imitated, replicated and substituted (Barney, 1991). The organizational system is the device that transforms the 
resources into the capabilities. So integrating organizations (institutions) becomes more and more important.
Figure 3: Relationship among Resources Integrations
Corresponding to the five integrations, the integrative capabilities are capability of integrating human resources, 
physic resources, information resources, information technologies and organizations (institutions). Any integration 
and its corresponding capability are based on the capability of institution integration and human resources 
integration. So, actually the integrative capability is a comprehensive capability, and the competence of a firm is the 
integrative capability.  During integration, there are many ways that can be used to obtain these necessary resources 
from external firm, such as merger or acquisition, license or purchase of patents, equipments or machines, and 
Human Resources 
Integrations
Physical Resources 
Integrations
Technologies 
Integrations
Information 
Technologie
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technological alliance. A famous example is Haier Group in China23. It grew out of a small collective factory that 
would be bankrupt with a deficit of 1.47 million Yuan at the beginning of 1980s. Haier Group was developed on the 
base of Qingdao General Factory of Refrigerator, which was established in 1984 with introduction of manufacture 
techniques of Liebherr Refrigerator from Germany. From then on it was and is on the way to developing and taking 
initiative and now it is the largest firm that produces electronic appliances in China. Haier has been emphasizing on 
the raising of scientific research capability and has formed alliances with 15 research institutes such as Philips Co. 
of Holland, C-MOLD Co. of America, NETSCREEN Co. of America, having integrated foreign science and 
technology resources and raised the product competitiveness. It has established the world's first-class Haier Central 
Research Institute and allied with 28 companies and institutes of first-class technological level from America, Japan 
and German to form a comprehensive research base by means of technology cooperation.
Eisenhardt & Martin (2000) stated that sustainability of the capabilities themselves varies with the dynamism of 
the market. “In moderately dynamic market, dynamic capabilities resemble the traditional conception of routines”, 
rely on existing knowledge, linear execution and slow evolution over time and competitive advantage is destroyed 
from outside the firm. However, in high-velocity markets, dynamic capabilities are simple, experiential and iterative 
process, rely on the creation of situation-specific knowledge and the threat to competitive capability come from both 
outside and inside the firm. Whether it is in moderately dynamic market or in high-velocity markets, the only that 
does not change is integrative capability because integrative capability means integrating different resources 
(capability) that fit in different situation. So integrative capability, I believe, is the key capability of dynamic 
capabilities.
4. Conclusion and Future Research
A firm is an engineering system that integrates different elements and can be divided in to several steps to 
optimize the integrated engineering system, therefore a firm can be analyzed from the perspective of systems 
engineering. The development of the firm cannot be realized without its systematic capability. Firm integrative 
capability is a kind of systematic capability. According to the process of integration from the perspective of systems
engineering, FIC is multi-dimensional, and can be divided into four basic capabilities that are searching (scanning) 
capability, gathering capability, combination (organization) capability and innovation capability. In different stages, 
FIC plays different roles. The development of the firm is based on the integrative capability.
According to Penrose’s (1959) definition, a firm is an engineering system that integrates different resources 
including human resources, physic resources, information resources, information technologies and organizations 
(institutions), and FIC is the capability of integrating these resources. The expansion by merger and acquisition 
cannot be achieved successfully without integrative capability. So we can see, the source of competence of the firm 
is from integrative capability that can integrate different resources, play different roles in different growth stages and 
promote the firm jump at a crucial time. Integrative capability is the key determinant of the growth of the firm. 
The future research is to do quantitative investigation of those successful firms such as Haier in China and Wal-
Mart. And what is more, it seems that there is a significant relation between entrepreneurs and the 
entrepreneurialism and integrative capability, because the institutions are constructed under the leadership of 
entrepreneurs, and the integration of institution (culture) in different culture background or corporate culture by 
merger, acquisition or entry a new market need the wisdom of the entrepreneurs. So it is also important to research 
the relationship between integrative capability and entrepreneurs and the entrepreneurialism. However, it is 
necessary to turn to systems engineering and analyze a firm from a new perspective for a firm is a whole to compete 
with others and need to be explained as a integrated system. So integration as a part of systems engineering should 
be paid more attention.
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